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1Temporal Changes in Deep Bedrock Groundwater Quality
in Northeastern Illinois
by Walton R. Kelly and Scott Meyer, P.G.
Abstract
Deep bedrock aquifers in northeastern Illinois are an important source of drinking water,
but there is evidence of temporal increases in concentrations of dissolved contents in the
groundwater. Large groundwater withdrawals may be inducing groundwater movement from
adjacent units or downdip areas containing high concentrations of dissolved solids. Archived
data were used systematically to examine temporal trends in water-chemistry data for deep
bedrock aquifers in northeastern Illinois.
Most data suggest that concentrations of major ions and total dissolved solids (TDS) are
not increasing in wells open to deep bedrock aquifers in most of northeastern Illinois. There are
some locations where concentrations of some ions and TDS are increasing, including the major
pumping centers at Joliet and Aurora, however.
The increasing concentrations may be affected by aquifer geology. Increasing trends are
more likely in wells open to deep Ordovician aquifers than in wells open only to deeper
Cambrian aquifers or open to shallower Ordovician aquifers. There also appears to be some areal
control on water-chemistry changes. Most of the positive trends occurred in the southern two-
thirds of the study area. Correlating withdrawal rates with water-chemistry data is problematic
due to data limitations, but withdrawal rates do not appear to influence water chemistry of most
wells for which data were available.
2Introduction
Deep bedrock aquifers in northeastern Illinois are an important source of drinking water.
Water quality throughout most of this region is generally acceptable, but there are some water-
quality issues. For example, concentrations of the naturally occurring contaminants barium and
radium are elevated in parts of the region, and the water is unpotable in the southeastern part of
the region due to high concentrations of dissolved solids. A recent examination of water-quality
data from Joliet (Will County) and Arlington Heights (Cook County) has raised the possibility of
temporal increases in dissolved solids contents, specifically chloride (Cl ) concentrations, in the-
deep bedrock aquifers of northeastern Illinois [Doug Walker, Illinois State Water Survey (ISWS),
personal communication, August 2004]. It is hypothesized that reduced heads in the deep
bedrock system have induced groundwater movement from adjacent units or downdip areas
containing high concentrations of dissolved solids.
This report presents results of an investigation examining temporal trends in water-
chemistry data for deep bedrock aquifers in northeastern Illinois using archived data. For the
purposes of this report, northeastern Illinois is defined as the eight counties surrounding Chicago:
Cook, DuPage, Grundy, Kane, Kendall, Lake, McHenry, and Will.
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Deep Bedrock Hydrogeology in Northeastern Illinois
Deep bedrock aquifers considered in this study are the Ancell Group and underlying
lithostratigraphic units (Figures 1-4). The principal aquifers from top to bottom layers in this
interval are the Ancell aquifer (Ordovician age), the Ironton–Galesville aquifer (Cambrian), and
the Elmhurst–Mt. Simon aquifer (Cambrian). All of these aquifers are mainly sandstone. In
northeastern Illinois, the Ancell and Ironton–Galesville aquifers, together with the intervening
Prairie du Chien–Eminence–Potosi–Franconia confining unit, sometimes collectively are referred
to as the deep bedrock aquifer system because the entire interval is frequently used for drilling
water wells for public water systems and self-supplied industries in the region. In such wells, the
interval from the top of the Ancell aquifer to the base of the Ironton–Galesville aquifer is left
open, or unlined, except where there needs to be casing to prevent caving of the Ancell aquifer.
Some wells open to the deep bedrock aquifer system also are left open to overlying and
underlying bedrock units, including Pennsylvanian rocks, Silurian and Ordovician rocks of the
shallow bedrock aquifer and Maquoketa confining unit, and Cambrian rocks of the Eau Claire
confining unit and/or the upper portion of the Elmhurst–Mt. Simon aquifer. 
3Figure 1. Hydrostratigraphic and selected lithostratigraphic nomenclature applied to Cambrian
and Ordovician rocks in northeastern Illinois
The elevation of the Ancell aquifer and underlying units declines to the east-southeast 
across the eight-county study area, and, as a consequence, these bedrock units are buried at
increasingly greater depths in that direction. This general structure is complicated by
displacement of units along the Sandwich Fault Zone, a series of closely spaced, nearly vertical
faults that extends eastward into northwestern Kendall County and into west-central Will County.
The greatest displacement is west of the eight-county study area, where Cambrian and
Ordovician units south of the fault zone have been displaced as much as 600-1000 feet upward
relative to north of the fault zone (Kolata et al., 1978). Displacements decline to about 150 feet in
Will County at the eastern end of the fault zone. Table 1 provides elevations of the principal
aquifer units considered in this report with elevations in Kendall County reported for two areas,
north and south of the Sandwich Fault Zone. This information is based on mapping by Visocky et 
4Figure 2. Cross section from Dubuque, Iowa, to Zion, Illinois, showing geology, dominant
anions, and dissolved solids concentrations (from Visocky et al., 1985)
5Figure 3. Cross section from Fulton, Illinois, to Chicago, Illinois, showing geology, dominant
anions, and dissolved solids concentrations (from Visocky et al., 1985)
6Figure 4. Cross section from South Beloit, Illinois, to Minonk, Illinois, showing geology,
dominant anions, and dissolved solids concentrations (from Visocky et al., 1985)
al. (1985). Because displacements are reduced in Will County, these elevations are not reported 
despite the extension of the Sandwich Fault Zone into that county. In extreme west-central
Kendall County, on the upthrown, southern block of the Sandwich Fault Zone, the Prairie du
Chien–Eminence–Potosi–Franconia confining unit immediately underlies (subcrops) the glacial
drift, as does the Ancell aquifer in a belt of west-central to southwestern Kendall County. This
area of west-central and southwestern Kendall County is the only portion of the eight-county
study area in which the Ancell aquifer and underlying units subcrop the glacial drift.
Pennsylvanian rocks unconformably overlap the Cambrian and Ordovician rocks in southern
Grundy County and extreme southwestern Will County. Because these Pennsylvanian rocks are
relatively impermeable shale, their presence reduces circulation of groundwater between the
surface and the Ancell aquifer and underlying units.
7Table 1. Elevations (ft-msl) of Tops of Principal Cambrian and Ordovician Aquifers in Northeastern Illinois
(Visocky et al., 1985)
Aquifer
County Ancell Ironton–Galesville Elmhurst–Mt. Simon
Cook -450 ! 100 -1000 ! -300 -1700 ! -700
DuPage -150 ! 100 -700 ! -500 -1200 ! -800
Grundy -250 ! 500 -1300 ! -400       -2000 ! -1000
Kane 50 ! 300 -600 ! -100 -1100 ! -600
Kendall north of Sandwich fault zone 50 ! 200 -700 ! -300 -1200 ! -800
Kendall south of Sandwich fault zone 100 ! 550 -600 ! -100 -1200 ! -400
Lake -200 ! 100 -600 ! -300 -1000 ! -700
McHenry 0 ! 350         -300 ! 100 -700 ! -500
Will -500 ! 50 -1200 ! -600       -1900 ! -1100
Note: Highest elevations south of the Sandwich Fault Zone in Kendall County reflect bedrock surface elevation in
areas where the unit subcrops glacial drift.
Other aquifers used in northeastern Illinois are not the focus of this study. These include
sand-and-gravel deposits within the glacial drift, typically within 300 feet of the surface, and the
shallow bedrock aquifer that includes the uppermost 50-100 feet of Silurian and Ordovician
bedrock underlying the glacial drift. Glacial drift aquifers are not discussed further here.
Although the shallow bedrock aquifer also was not a focus of this study, some wells that are open
to both the shallow and deep bedrock aquifers were evaluated for this study.
Peak withdrawals in the early 1980s from wells open to the Ancell aquifer and deeper
units in the eight-county area exceeded 180 million gallons per day or mgd (Figure 5).
Withdrawals declined generally from 181 mgd in 1983 to 69 mgd in 1995 in response to policies
encouraging public water systems to abandon these wells in exchange for state permission to use
Lake Michigan water. Since 1995, however, withdrawals have increased to an estimated 77 mgd
in 2002, as newly developing areas in the outer collar counties (McHenry, Kane, Kendall,
Grundy, and Will Counties) also turned to the deep aquifers to accommodate their greatly
increasing demand in a water-supply regulatory environment in which Illinois is not permitted
significant additional water from Lake Michigan (NIPC, 2002). Burch (2002) identified 16
municipalities that account for about one-third of withdrawals from the deep bedrock aquifers
(Table 2). Those municipalities are referred to as “pumping centers” in this report.
8Figure 5. Annual withdrawals from wells open to the Ancell aquifer and deeper
hydrostratigraphic units in the eight-county area, 1973-2002
Table 2. Public Water-supply Facilities in Northeastern Illinois Pumping More than 1.0 mgd
from Deep Bedrock Aquifers, 1999 (Burch, 2002)
Community County Withdrawals (mgd)
Joliet Will 10.05
Aurora Kane 5.80
Crystal Lake McHenry 2.25
Lake Zurich Lake 1.95
Morris Grundy 1.81
Batavia Kane 1.60
West Chicago DuPage 1.58
Montgomery Kane 1.46
North Aurora Kane 1.40
Geneva Kane 1.33
St. Charles Kane 1.32
Lemont Cook 1.27
Oswego Kendall 1.26
Western Springs Cook 1.23
Romeoville Will 1.15
Plainfield Will 1.15
           Note: The withdrawal rate from Joliet is for 1995.
9Methods
This study entailed gathering and evaluating all available water-quality data, performing
exploratory data analyses, and then using more rigorous trend analysis. Exploratory data analyses
initially used the entire dataset, then data from individual wells. Trend analyses were based on
individual well data.
Data Sources
All water-quality data used in this study are stored as digital records in the ISWS
Groundwater Quality database. Those data were generated by the Illinois Environmental
Protection Agency (IEPA) and the ISWS Public Service Laboratory (PSL). The IEPA began
collecting samples for ambient water-quality analysis from public supplies starting in the early
1970s. Sampling frequency varies greatly over time, but peaked in the mid-1980s. Starting in the
mid-1990s, a random probability-based scheme stratified by aquifer type, geologic susceptibility,
and well depth has been used to select about 350 wells for sampling each year. Samples collected
by water plant operators are subject to IEPA’s quality assurance and quality control (QA/QC)
procedures during analysis.
All data prior to the early 1970s were generated by the ISWS PSL and the earliest
samples date to the 1890s. The PSL has continued to analyze samples from public water supplies
even after IEPA began their sampling program, but the PSL data are for a much smaller dataset
than the IEPA data. The PSL also analyzes samples from private wells that undergo rigorous
QA/QC once the samples reach the PSL. There is less control of sample collection procedures,
however. Sample bottles are sent to the water plant operator or well owner with instructions on
how to collect samples and return them to the PSL in containers with ice packs, but whether the
person collecting the sample adheres to those instructions is not known. Samples that undergo
metals analysis are acidified on receipt at the PSL to ensure the metals are dissolved. If samples
are received after their proscribed holding time, this is noted by the PSL analysts on the QA/QC
report, but this is not generally an issue for parameters of interest in this study.
Parameters considered include the major ions [calcium (Ca), magnesium (Mg), sodium
3 4(Na), potassium (K), bicarbonate (HCO ), chloride (Cl ), and sulfate (SO )] and total dissolved- - 2-
solids (TDS). Bicarbonate is calculated by dividing alkalinity by 0.82. Alkalinity was used as a
3proxy for HCO . The major ions comprise the bulk of dissolved material in groundwater, and-
their analysis has been routine for many years. Trace metals and other minor constituents were
not considered because results are relatively limited with virtually no data prior to 1970.
Concentrations of many trace constituents also are commonly at or below detection limits, and
detection limits have varied considerably over time, making determination of temporal changes
difficult. Although iron and manganese have been analyzed routinely for years, the vast majority
of samples submitted are unfiltered. By not filtering out particulate matter, many samples may
include iron and manganese not native to the groundwater, e.g., rust and scale in distribution
systems or clays suspended by pumping. 
There are three primary ways to determine TDS: direct measurement, an estimate from a
specific conductance measurement, or calculation from a formula. Direct measurement includes 
filtration, drying, and weighing of a known volume of sample. Multiplying the specific
conductance value in microsiemens per centimeter (µS/cm) by 0.59 provides an estimate of TDS
10
(Hem, 1989). Another method adds the concentrations of the major ions, but only when all the
major ions have been measured. For example, the following equation was used to calculate TDS
for samples for which complete major ion analyses were available (Hem, 1989):
(1)
3with concentrations expressed as milligrams per liter (mg/L). The HCO  is converted by a-
2gravimetric factor that assumes that half of it is volatilized as carbon dioxide (CO ) and water
2(H O) to compare the TDS calculated using Equation (1) with directly measured TDS. 
Some sample analyses, especially those conducted before 1970, include all the major ions
2except K and/or silica (SiO ). Those two parameters are typically a small fraction of the TDS (<5
percent), and thus were removed from Equation (1) when calculating TDS for all samples from
such wells. This revised calculation results in slightly reduced TDS values, but it allows
2evaluation of TDS trends over a longer time period, assuming that K and SiO  concentrations did
not change substantially over the period of record. 
Measured TDS values are available for the majority of samples, and these values were
compared with the values calculated using Equation (1). Unfortunately, the difference between
these two values exceeds 10 percent for many samples, and many differ by more than 20 percent.
This indicates either an error in the major ion or TDS values for these samples. An error in the
major ion data is usually evident from a poor ion balance (see “Data Quality” section). Data
analyses for the current study used calculated values. This decision was made because most TDS
errors could not be reconciled and because a previous study had uncovered TDS errors in the
IEPA data (Kelly, 2001).
Data Quality
In addition to the TDS problems, another issue is data quality of database content.
Problems include incomplete or incorrect well information (well number, location, depth, and
aquifers screened) and concerns about water-chemistry data. Most well-information problems
were corrected by examining sampling reports archived at the ISWS, when available, or by
comparing records with data in the ISWS Public, Industrial, and Commercial Survey (PICS) well
database. Water-chemistry problems were primarily either unacceptable ion balances or
inconsistent sample data for individual wells that appear to be significantly different than earlier
and/or later samples collected from the same well. In general, temporal variation in groundwater
chemistry is small, especially in confined aquifers, unless there has been some major change to
the system (e.g., introduction of contamination, or major change in pumping rate). Inconsistent
data were flagged qualitatively, generally when the concentration of one or more of the major
ions appeared to be significantly different than other samples collected from a particular well.
Ion balances were calculated using the following equation:
(2)
Samples for which the ion balance exceeded 10 percent were flagged. Any samples that were
determined to be inconsistent or had an unacceptable ion balance were compared to hard copies,
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when available. After correcting transcription errors found for many of the problem samples, ion
balances were acceptable or data inconsistency usually disappeared. Samples that could not be
corrected to produce acceptable ion balances were not used in the data analysis. If an archived
sampling report was not available for an inconsistent sample, that sample was included in the
data analysis because the authors felt the rationale for removing such samples from consideration
was too subjective.
Exploratory Data Analysis
All data were examined as a function of time. Data arbitrarily were grouped into nine
groups based on sample date: pre-1950, 1950s, 1960s, five-year intervals between 1970 and
1994, and all data from 1995 and later. Box-and-whisker plots were prepared and used to
examine trends in the major ion and TDS data. Data groups also were compared statistically
using ANOVA on ranks tests. The nonparametric rank test was used instead of a parametric
ANOVA test because almost no datasets had a normal distribution. If results from an ANOVA
on ranks test indicated a significant difference among the groups, Dunn’s test was used to
determine significant differences between population pairs. Dunn’s test is appropriate when
group sizes are unequal, as was the case here. Significance (") was determined at the 95 percent
level (p < 0.05). Tests were run using the software package SigmaStat (SPSS, 1997).
Data also were separated by county and grouped by date: pre-1970, 1970s, 1980s, and all
data after 1989. Nine groups were not used for individual counties because there were
insufficient data to warrant that many groups. Because there were insufficient samples prior to
1970 (< 10 samples) to make a separate group for Kendall, Lake, and McHenry Counties,
samples prior to 1970 were added to the 1970s group for those three counties.
Individual Wells
Selection Criteria
Results from individual public-supply wells in the eight-county area were selected for
analysis if all of the following criteria were satisfied: (1) the well was open at least partially in a
deep bedrock aquifer; (2) at least four samples were collected over an eight-year period; and (3)
at least one sample was collected in the 1990s or later. The ISWS database identifies aquifers by
four-digit aquifer codes in which the first two digits represent the uppermost water-bearing unit
open to the well and the last two digits represent the lower unit open to the well. The codes refer
generally to the geologic age of the aquifers and, in some cases, specifically to the geologic unit
(Table 3). Any well that was open to the Ancell group, deeper Ordovician units, and/or Cambrian
units, met criterion (1). A total of 76 wells were identified using these criteria (Table 4 and
Figure 6).
All deep bedrock wells in municipalities that were identified as pumping centers (Table
2) also were evaluated, whether or not they satisfied criterion (3) above. A total of 58 wells in the
pumping centers met the first two criteria (Table 5); 19 of those wells also met criterion (3).
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Table 3. Definition of ISWS Aquifer Codes Pertinent to This Study
Aquifer Code Aquifer Age Aquifer Name
56 Silurian
60 Ordovician General shallow Ordovician (through Ancell Group)
61 Ordovician Maquoketa Group
63 Ordovician Galena Group
65 Ordovician Platteville Group
66 Ordovician Ancell Group
70 Ordovician General deep Ordovician (below Ancell Group)
71 Ordovician Shakopee Dolomite
73 Ordovician New Richmond Sandstone
75 Ordovician Oneota Dolomite
80 Cambrian General shallow Cambrian (through Galesville Sandstone)
81 Cambrian Eminence-Potosi Dolomite and Jordan Sandstone
83 Cambrian Franconia Formation
87 Cambrian Ironton and Galesville Sandstones
90 Cambrian General deep Cambrian (below Ironton and Galesville)
93 Cambrian Eau Claire Formation (except Elmhurst Member)
97 Cambrian Elmhurst and Mt. Simon Sandstone
     Note: General means specific aquifer(s) not determined.
13
Table 4. Deep Bedrock Wells Meeting Criteria for Statistical Analysis





Cook Bellwood 3 21085 1480 6393
Cook Hanover Park 2 00942 1429 6393
Cook Western Springs 4 20631 1913 6697
DuPage Carol Stream 4 20727 1963 8797
DuPage Carol Stream 5 20728 1357 8387
DuPage Elmhurst 4 20773 1400 6387
DuPage Elmhurst 5 20774 1480 6393
DuPage Elmhurst 6 20775 1476 6393
DuPage Elmhurst 9 20778 1479 6693
DuPage Naperville 7 21113 1445 6693
DuPage Oak Brook 1 20760 1521 6393
DuPage Oak Brook 5 20762 1500 7093
DuPage Oak Brook 6 20763 1522 7093
DuPage West Chicago 4 20544 1465 6693
DuPage West Chicago 5 20545 1376 6387
DuPage Wood Dale 5 20524 1400 6387
DuPage Wood Dale 7 20526 1356 6393
Grundy Carbon Hill 2 22010 650 6366
Grundy Carbon Hill 3 22011 800 6366
Grundy Diamond 1 22016 723 6366
Grundy Diamond 2 22017 850 6366
Grundy Heatherfield Subdivision 1 22022 520 6366
Grundy Kinsman 2 22024 785 6366
Grundy Minooka 3 22036 1508 7187
Grundy Minooka 4 22037 725 6366
Grundy Morris 4 22039 1501 7093
Grundy Morris 5 22040 1462 6693
Kane Batavia 3 20018 2200 6397
Kane Elgin 701 22165 1305 6393
Kane Geneva 6 20044 1350 8793
Kane Geneva 7 20045 2001 6697
Kane Hampshire 5 20049 818 6166
Kane Margaret’s Hi-Acre MHP 3 20061 1025 5681
Kane Montgomery 4 20069 1333 6687
Kane Montgomery 8 20071 1378 6693
Kane North Aurora 4 20077 994 6693
Kane Sugar Grove 4 20110 1475 6393
Kane West Dundee 1 20113 1239 6693
Kendall Fox Lawn Subdivision 1 20121 715 6666
Kendall Morgan Creek Estates 1 20119 642 6666
Kendall Newark 2 20136 287 6666
Kendall Oswego 3 20131 1378 6393
Kendall Oswego 4 20132 1396 6693
Kendall Yorkville 3 20134 1335 6687
Kendall Yorkville 4 20135 1393 6693
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Table 4. Concluded





Lake Countryside Manor Subdivision 3 20286 1040 6366
Lake Fields of Long Grove 3 00219 980 6366
Lake Grayslake 4 20242 1354 6393
Lake Heiden Gardens Condominiums 1 21044 1100 6366
Lake Lake Zurich 7 20259 1333 6393
Lake Lake Zurich 8 20260 1373 6387
Lake Round Lake 3 20300 1241 6393
Lake Round Lake Beach 6 20318 1287 8193
Lake Wauconda 4 20290 1264 6393
Lake Wildwood Subdivision 4 21047 1320 6393
Lake Wynstone Water Company 2 00258 1000 6366
McHenry Cary 4 20139 1345 8787
McHenry Cary 6 20141 1300 8787
McHenry Crystal Lake 6 22146 1295 8393
McHenry Crystal Lake 7 22147 1400 8393
McHenry Crystal Lake 8 22148 1300 8193
McHenry Union 4 00276 760 6366
Will Braidwood 3 20361 1733 7193
Will Channahon 1 20357 765 6366
Will Imperial MHP 3 00157 1455 6387
Will Joliet 11 22122 1623 8193
Will Joliet Correctional Center 2 22139 1533 6693
Will Kankakee Minimum Security Unit 2 20336 751 6366
Will Lakewood Shores Improvement Association 1 20323 700 6166
Will Lakewood Shores Improvement Association 2 20324 700 6166
Will Lakewood Shores Improvement Association 4 20326 700 6166
Will Lockport 2 NA 1555 6393
Will Lockport 4 NA 1572 6393
Will Rockdale 2 00174 1586 7593
Will Shorewood 2 20351 1499 6393
Will Camelot Utilities Inc. 1 20795 1435 7187
          Note: NA = not available.
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Figure 6. Location of deep bedrock wells analyzed in this study
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Table 5. Deep Bedrock Wells from Pumping Centers that Were Analyzed
County City Local Well # IEPA # Depth (ft) Aquifer Code
Cook Lemont 3 20605 1723 6393
Cook Lemont 4 20606 1658 8193
Cook Western Springs 3 20630 1600 6393
Cook Western Springs 4 20631 1913 6697
DuPage West Chicago 3 20543 1378 6387
DuPage West Chicago 4 20544 1465 6693
DuPage West Chicago 5 20545 1376 6387
Grundy Morris 4 22039 1501 7093
Grundy Morris 5 22040 1426 6693
Kane Aurora 8 21127 1500 6193
Kane Aurora 12 NA 2253 6397
Kane Aurora 15 21129 1719 6693
Kane Aurora 16 21130 2139 6697
Kane Aurora 17 21131 2152 6697
Kane Aurora 18 21132 1486 7593
Kane Aurora 19 21133 1424 6687
Kane Aurora 20 21134 1400 6693
Kane Aurora 21 21135 1447 6693
Kane Aurora 23 21137 1420 6693
Kane Aurora 25 21138 1460 6693
Kane Aurora 612 21128 2251 6397
Kane Batavia 3 20018 2200 6397
Kane Geneva 2 20041 2217 6397
Kane Geneva 3 20042 2300 6397
Kane Geneva 4 NA 2267 8797
Kane Geneva 5 20043 2292 6397
Kane Geneva 6 20044 1350 8793
Kane Geneva 7 20045 2001 6697
Kane Montgomery 2 20067 718 6366
Kane Montgomery 3 20068 1336 6687
Kane Montgomery 4 20069 1333 6687
Kane Montgomery 8 20071 1378 6693
Kane North Aurora 4 20077 994 6693
Kane St. Charles 3 20099 1191 6687
Kane St. Charles 4 20100 1647 6393
Kane St. Charles 5 20101 1713 6393
Kane St. Charles 6 20102 1502 6393
Kane St. Charles 8 20104 1368 6393
Kendall Oswego 3 20131 1378 6693
Kendall Oswego 4 20132 1396 6693
Lake Lake Zurich 5 20257 1340 6393
Lake Lake Zurich 7 20259 1333 6393
Lake Lake Zurich 8 20260 1373 6387
McHenry Crystal Lake 2 NA 1218 6397
McHenry Crystal Lake 6 22146 1295 8393
McHenry Crystal Lake 7 22147 1400 8393
McHenry Crystal Lake 8 22148 1300 8193
Will Joliet 1 22112 1621 6193
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Table 5. Concluded
County City Local Well # IEPA # Depth (ft) Aquifer Code
Will Joliet 2 22113 1556 6393
Will Joliet 3 22114 1536 6393
Will Joliet 4 22115 1608 6393
Will Joliet 5 22116 1608 6393
Will Joliet 8 22119 1660 6393
Will Joliet 9 22120 1600 6393
Will Joliet 11 22122 1623 8193
Will Plainfield 2 NA 1480 6387
Will Plainfield 3 22129 1481 6687
Will Plainfield 4 22130 1443 6693
            Note: NA = not available.
Trend Analysis
Because the datasets do not have a normal distribution, nonparametric tests were
necessary. The initial trend analysis of data for individual wells was done by determining the
Kendall S statistic, a nonparametric test of the data, calculated by:
(3)
i jwhere P is the frequency of increases in a set of (x,y) pairs, or the frequency of y  < y  for all I < j,
i jand M is the frequency of y decreases as x increases, or the frequency of y  > y  for all I < j, for all
I = 1, ... (n – 1) and j = (I + 1), ... n (Helsel and Hirsch, 2002). In the present study, x represents
time (sample date) and y represents the concentration of a major ion or TDS. Kendall’s S is
basically a measure of how often the concentration is higher or lower than that of the previous
sample for a set of samples. The calculated S value is compared to a table of exact critical values
to determine if the null hypothesis (no trend) can be rejected. A significance level (") of 0.05 was
used.
When the number of samples (n) exceeded 10, a large sample approximation was used
s(Helsel and Hirsch, 2002). The test statistic Z  is calculated as:
(4)
when S > 0, and
(5)
s swhen S < 0. When S = 0, Z  = 0. The test statistic F  is calculated by:
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(6)
s critThe null hypothesis was rejected at a 90-percent significance level when |Z | exceeded Z , the
value of the standard normal distribution.
Regressions
In order to estimate rates of changes in concentrations, regressions were performed to
1determine the slope coefficient ($ ), which for these data gives the change in concentration in
milligrams per liter per year (mg/L/yr). Although regressions are parametric tests and thus not
1robust for data that are not normally distributed, $  can be tested, with the null hypothesis being
1$ = 0 (Helsel and Hirsch, 2002). The test statistic is the t-ratio:
(7)
1where r is the correlation coefficient. The null hypothesis is rejected (i.e., $  is significantly
crit critdifferent than zero) if | t | > t . t  is the point on the Student’s t distribution with n – 2 degrees
1of freedom, and with a probability of exceeding "/2; " = 0.05 was used in this study. The $  and
correlation coefficient (r ) values were determined using the SLOPE and CORREL worksheet2
functions, respectively, in Microsoft  Excel 2002.®
Results
Exploratory Data Analysis
4In reporting results, the emphasis is on Cl  and TDS, and, to a lesser extent, Na and SO- 2-
concentrations. These parameters are the ones most likely to change as a result of induced flow
from downdip and adjacent low-permeability units.
4Box-and-whisker plots of Cl , SO , Na, and TDS for samples from all eight counties are- 2-
shown (Figure 7). There were some statistically significant differences based on sample date for
most of the major ions and TDS, but these differences do not suggest increasing concentrations
for any parameter. For example, Cl  and TDS concentrations were significantly greater prior to-
41950 compared to the three groups with data after 1984. Similarly, SO  concentrations were2-
significantly lower in 1990-1994 and post-1994 groups than in almost all earlier groups. There
were no significant differences among the data groups for Na.
Similar results were found, for the most part, when the data were divided by county. Box-
4and-whisker plots of Cl , SO , Na, and TDS for individual counties are shown (Figures 8-11).- 2-
Significant differences in Cl  concentrations were found only in Kane and Will Counties. Prior to-
1970, Cl  concentrations in Kane County were significantly greater than the latest data (post--
1989). In contrast, Will County samples prior to 1970 had significantly lower Cl  concentrations-
than later data.
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4Figure 7. Public supply data from northeastern Illinois for a) Cl , b) SO , c) Na, and d) TDS- 2-
4Significant differences for SO , were found only in DuPage and Kane Counties. DuPage2-
County samples from the 1970s were significantly greater than the latest samples (post-1989).
The earliest Kane County samples (pre-1970) were significantly greater than samples from the
1970s and the 1990s.
Significant differences for Na were found in DuPage, Kane, and McHenry Counties. In
general, earlier samples tended to have greater Na concentrations. Significant differences for
TDS were found in Cook, DuPage, and Kane Counties, with highest concentrations in the earliest
samples.
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Figure 8. Chloride data for individual counties
21
Figure 9. Sulfate data for individual counties
22
Figure 10. Sodium data for individual counties
23
Figure 11. Total dissolved solids data for individual counties
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Decreases in major ion and TDS concentrations in parts of northeastern Illinois may
reflect the fact that many wells in the region that were open to the Mt. Simon aquifer have been
abandoned or sealed off from that aquifer in recent decades.
These analyses have serious limitations. There is no guarantee that the wells are
distributed randomly across the region and aquifers for the different time periods. The number of
samples also can vary greatly in the data groups being compared. For example, the number of
samples in the four groups for Cook County ranges from 167, 401, 200, to 13 samples.
Individual Wells with Most Recent Sample Data
Trend Tests
Most of the 76 public-supply wells analyzed did not have temporal trends, positive or
snegative, for any ions or TDS based on the Kendall’s S or Z  statistic (Table 6). There were Cl-
trends in approximately one-third of the wells, but most of the trends were negative (i.e.,
4decreasing over time). Results were similar for SO  and Na. Sulfate had the most positive2-
trends, about 13 percent of the wells. Trends for TDS were positive (8 wells) and negative (6
wells).
Will County had the most wells with positive Cl  trends (3 wells) and more than 10-
percent of the wells in Cook, Grundy, and DuPage Counties had positive TDS trends (Table 6).
Four of the five wells with positive Na trends also had positive Cl  trends. The distribution of the-
4ten wells with positive SO  trends was slightly different, with eight of those wells located within2-
or near DuPage County.
Dividing the wells by contributing aquifer(s) suggests that aquifer geology may influence
the trend data. Wells open only to Cambrian-aged aquifers, generally the deepest wells, appeared
to have fewer positive trends than overlying aquifers, but more than half the wells open between
deep Ordovician (below Ancell Group) and Cambrian aquifers had positive trends for Cl  and/or-
 
Table 6. Temporal Trends in Major Ion and TDS Data for Individual Wells



















Parameter + ! + ! + ! + ! + ! + ! + ! + ! + !
Alkalinity 5 5 0 0 2 1 0 0 2 1 0 1 0 0 0 1 1 1
Ca 6 3 1 0 1 0 0 0 1 0 0 0 0 2 0 0 3 1
Mg 4 7 1 0 1 0 0 0 1 1 0 1 0 1 0 2 1 2
Na 5 11 0 0 1 3 2 2 1 1 1 0 0 3 0 0 0 2
K 7 2 0 0 0 0 0 1 4 0 0 0 0 1 0 0 3 0
Cl 7 17 0 0 1 2 2 3 1 5 0 1 0 2 0 2 3 2-
4SO 10 11 1 0 5 3 2 0 2 2 0 0 0 3 0 0 0 3
2-
TDS 8 6 2 0 2 1 2 1 1 0 0 0 0 2 0 0 1 2
Notes:
n = number of wells.
+ = wells with a positive trend for a particular ion or TDS.
! = wells with a negative trend.
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4TDS (Table 7). These wells also had the greatest percentage of positive Na and SO  trends. This2-
suggests that low permeability units associated with the deep Ordovician units (Prairie du Chien
Group) may be a source of high TDS waters. Wells open from shallow Ordovician aquifers to the
Cambrian had a smaller percentage of positive trends and more negative trends than wells open
from the deep Ordovician aquifer. There were no obvious differences based on whether the
uppermost shallow Ordovician aquifer was from the Ancell or Galena Group. Wells open only to
shallow Ordovician aquifers (Galena and/or Ancell) had fewer positive trends than wells open to
both Ordovician and Cambrian aquifers.
For comparison, wells open to Ordovician aquifers above the Ancell Group (including
wells open to Silurian and Pennsylvanian aquifers) but not the Ancell Group also were tested for
trends. Many of these 21 wells had positive trends for Cl , Na, and TDS (10, 6, and 6 wells,-
respectively). It is possible that the source of ions to these wells is the surface, primarily from
road-salt runoff. Shallow bedrock aquifers have been shown to be vulnerable to this type of
contamination in northeastern Illinois (Kelly and Wilson, 2003; Kelly, 2005).
Regressions
Between 17 and 22 percent of wells for which the most recent sample data were available
4had slopes significantly different than zero with respect to Cl , Na, SO , and TDS (Table 8).- 2-
There was a similar ratio of positive to negative slopes compared to positive and negative trends
4determined from the Kendall test for Na, SO , and TDS (Table 6). Fewer significant negative2-
slopes were determined for Cl  compared to negative trends.-
Table 7. Temporal Trends in Major Ion and TDS Data for Individual Wells



















Parameter  + !  + !  + !  + !  + !  + !
Alkalinity 0 2 0 0 2 2 3 1 0 0 0 0
Ca 2 0 1 0 0 1 3 2 0 0 0 0
Mg 1 3 0 1 0 2 3 1 0 0 0 0
Na 0 1 2 1 0 1 1 4 2 4 0 0
K 1 1 1 1 1 0 3 0 1 0 0 0
Cl 0 3 4 1 0 4 1 6 2 3 0 0-
4SO 1 0 2 2 2 2 4 5 1 1 0 1
2-
TDS 0 0 3 0 1 2 3 3 1 1 0 0
Notes:
Deep Ordovician-Cambrian refers to aquifers below the Ancell Group.
The Ancell Group is the lower unit open to all Ordovician wells.
n = number of wells.
+ = wells with a positive trend for a particular ion or TDS.
! = wells with a negative trend.
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Table 8. Regression Results for M ajor Ion and TDS Data
4Alkalinity Ca Mg Na K Cl SO TDS
- 2-
Wells with Most Recent Sample Data
    Significant positive rate 3 3 2 4 4 7 8 9
    Significant negative rate 5 3 6 9 2 9 8 6
    Major positive rate 0 0 0 1 0 5 4 4
    Major negative rate 2 0 0 3 0 3 3 3
Wells from Pumping Centers
    Significant positive rate 2 5 4 6 1 10 8 10
    Significant negative rate 4 7 6 4 0 13 4 4
    Major positive rate 2 0 0 2 0 5 5 5
    Major negative rate 1 1 0 2 0 3 3 3
Notes:
Significant rates determined for " = 0.05 using Equation (7).
Major rates are > |1| mg/L/yr for ions and > |3| mg/L/yr for TDS.
Slope values give estimates of the rate of change of the parameters. Major changes
arbitrarily were defined as changes greater than 1 mg/L/yr for the ions and greater than 3 mg/L/yr
for TDS. Two wells had major increases in rates of both Cl  and TDS concentrations (Minooka 4-
and Batavia 3), and two wells had major decreases in rates of both Cl  and TDS (Lake Zurich 8-
and Minooka 3). The Minooka 4 well (Grundy County) is open only to Ordovician aquifers
(Galena–Ancell), while the Batavia 3 well (Kane County) is open to both Ordovician and
Cambrian aquifers (Galena–Elmhurst and Mt. Simon).
There were more significant positive slopes for wells open to Ordovician aquifers
shallower than but not including the Ancell Group. Most of these wells are also open to
Pennsylvanian or Silurian aquifers. Analyses for 21 of these wells showed significant positive
slopes for Cl  (8 wells), including slopes greater than 1 mg/L/yr (3 wells). There were also-
significant positive slopes for TDS (6 wells), including slopes greater than 3 mg/L/yr (4 wells).
As mentioned previously, these wells may be vulnerable to surface contamination. 
Pumping Centers
Trend Tests
Water-quality data exist for all of the large pumping centers identified by Burch (2002)
except Romeoville. Water-quality data for 58 wells in the other 15 pumping centers met the
criteria for statistical analysis. Two or more deep bedrock wells met these criteria for each
pumping center except Batavia and North Aurora. Aurora and Joliet had the most wells meeting
the criteria (12 and 8 wells, respectively). 
Thirteen of the 58 wells had increasing trends in Cl  concentrations and 15 wells had-
sincreasing trends in TDS, as determined by Kendall’s S or Z  statistic (Table 9). Fourteen wells
had decreasing trends in Cl  concentrations, but only three wells had decreasing trends for TDS.-
About one-third of the pumping center wells are in Joliet and Aurora, the two major pumping
centers in northeastern Illinois (Table 2). About half of the wells with increasing trends for Cl ,-
4TDS, SO , and Na serve these two public water systems. Six wells within each of these two 2-
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Table 9. Temporal Trends in Major Ion and TDS Data for Wells in Pumping Centers



















Parameter + ! + ! + ! + ! + ! + ! + ! + !
Alkalinity 7 3 0 1 3 0 0 1 0 0 0 0 0 0 0 0
Ca 9 4 0 0 2 0 0 0 1 2 1 0 1 0 0 0
Mg 5 5 1 1 3 0 0 1 0 1 0 0 1 0 0 0
Na 7 4 1 0 2 0 0 0 0 1 1 1 1 0 1 0
K 1 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0
Cl 13 14 3 0 5 1 0 2 0 2 1 0 1 0 0 0-
4SO 5 5 1 1 1 0 0 0 0 2 1 0 1 0 1 0
2-



















Parameter + ! + ! + ! + ! + ! + ! + ! + !
Alkalinity 1 0 0 0 1 0 2 0 0 0 0 1 0 0 0 0
Ca 1 0 0 0 0 0 1 0 0 0 0 0 0 2 2 0
Mg 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0
Na 0 0 0 0 0 0 0 1 0 0 0 0 1 1 0 0
K 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
Cl 1 1 0 0 2 3 0 3 0 0 0 1 0 1 0 0-
4SO 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0
2-
TDS 1 0 0 0 1 0 1 0 0 0 0 0 1 1 0 0
Notes:
n = number of wells.
+ = wells with a positive trend for a particular ion or TDS.
! = wells with a negative trend.
systems display an increasing trend for at least one of those parameters. Four Aurora wells and
two Joliet wells have increasing trends for more than one parameter. Only one well in each
public water system has a decreasing trend, and for only one parameter. The remaining increasing
trends are scattered among other communities.
Wells having positive trends in TDS and major ion concentrations are mainly in the
southern two-thirds of the study area (Figure 12), a distribution that is influenced by the location
of the wells being analyzed (Figure 6). Increasing trends for TDS, Cl , and Na concentrations-
occur primarily in Kane and Will Counties. A high percentage of the Grundy County wells also
4have increasing trends. The distribution for SO  trends is somewhat different, with increasing2-
trends centered in DuPage County. Wells with decreasing trends for all these parameters are
scattered throughout the region.
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4Figure 12. Wells with significant trends for a) TDS, b) Cl , c) Na, and d) SO- 2-
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Regressions
Table 8 reports regression results. A greater percentage of wells from pumping centers
had significant slopes than did wells for which latest data were available, and generally higher
ratios of positive to negative slopes. Five wells had Cl  increases greater than 1 mg/L/yr: Batavia-
3; Aurora 612, 17, and 8; and Montgomery 2. Three wells in pumping centers had decreases
greater than 1 mg/L/yr: Lemont 3, St. Charles 5, and Lake Zurich 8. Five wells in pumping
centers had TDS increases greater than 3 mg/L/yr: Lake Zurich 5, Batavia 3, West Chicago 5, and
Aurora 17 and 612. Of the three wells in pumping centers with significant decreasing TDS
trends, two wells had rates of about -11 mg/L/yr: Western Springs 3 and Lake Zurich 8.
Curiously, each of these two public water systems also had a well with an increasing TDS trend.
Wells with significant changes in Cl  or TDS concentrations are shown (Figure 13). Some wells-
had variable trends in Cl  or TDS concentrations (i.e., increasing and then decreasing or vice-
versa). An example is the Batavia 3 well for Cl  concentrations.-
Because pumping possibly may affect water quality in deep bedrock wells, well-
withdrawal data were examined for wells from the pumping centers. Starting in 1979, annual
well-withdrawal data are available for many public-supply wells through the PICS program for
which water-plant operators voluntarily provide data to the ISWS. Records for some of the wells
are incomplete, as the operator may fail to supply data for a particular year or years. For such
years, withdrawal rates were based on reported rates for earlier and/or later years. Annual
withdrawal data for some public-supply wells in northeastern Illinois precede the PICS program,
and date back as far as 1964.
Chloride, TDS, and withdrawal data for some public water-system wells in Joliet and
Aurora are shown (Figures 14 and 15). Data from public supply wells from other communities
that had an increase in Cl  or TDS concentrations are shown (Figure 16). -
Correlating water-quality data and well-withdrawal data is problematic. For some wells,
those data do not overlap very much in time, making it impossible to determine how pumping
influences water quality. There is also great variability in the withdrawal rates for many of the
wells, often from year to year.
The Cl  and TDS concentration data and the withdrawal data for the Batavia 3 well-
display an apparent relationship (Figure 16). Withdrawals were fairly consistent between 1964
and 1992, averaging about 0.5 mgd. During this period, Cl , Na, and TDS concentrations-
increased steadily. Withdrawals from Batavia dropped precipitously in 1993, and the well was no
longer pumped after 1994. Since then, concentrations of TDS and all major ions except alkalinity
have decreased. The data clearly suggest that pumping of this well degraded water quality and
cessation of the pumping allowed water quality to recover. This well is open from the Galena to
the Elmhurst–Mt. Simon, the source of the higher salinity water is uncertain.
Although the relationship between pumping and water quality seems clear in the Batavia
3 well, it is difficult to make inferences about other wells. Withdrawal data for Joliet wells were
not available until 1980, and water-quality data for many of these wells were only available into
the 1980s. There has been a steady increase in Cl  and TDS concentrations for the Aurora 17 and-
612 and West Chicago 5 wells, although withdrawal rates have been somewhat erratic (Figures
15 and 16). Cessation of pumping of Aurora 19 in the early 1980s did not appear to have an
appreciable effect on Cl  or TDS concentrations (Figure 15). An increase in Cl  and TDS - -
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Figure 13. Wells with changes in Cl  (> 1 mg/L/yr) and TDS (> 3 mg/L/yr) concentrations-
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sNotes: Thick lines indicate a positive trend as determined by Kendall’s S or Z  statistic
            aq = aquifer code (see Table 3)
Figure 14. Chloride and TDS concentrations and well-withdrawal data
for public supply wells in Joliet (Will County)
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sNotes: Thick lines indicate a positive trend as determined by Kendall’s S or Z  statistic
            aq = aquifer code (see Table 3)
Figure 14. Concluded
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sNotes: Thick lines indicate a positive trend as determined by Kendall’s S or Z  statistic
            aq = aquifer code (see Table 3)
Figure 15. Chloride and TDS concentrations and well-withdrawal data
for public supply wells in Aurora (Kane County)
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sNotes: Thick lines indicate a positive trend as determined by Kendall’s S or Z  statistic
            aq = aquifer code (see Table 3)
Figure 15. Continued
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sNotes: Thick lines indicate a positive trend as determined by Kendall’s S or Z  statistic
            aq = aquifer code (see Table 3)
Figure 15. Concluded
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sNotes: Thick lines indicate a positive trend as determined by Kendall’s S or Z  statistic
            aq = aquifer code (see Table 3)
Figure 16. Chloride and TDS concentrations and well-withdrawal data
for public supply wells in northeastern Illinois
37
sNotes: Thick lines indicate a positive trend as determined by Kendall’s S or Z  statistic
            aq = aquifer code (see Table 3)
Figure 16. Concluded
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concentrations appeared to coincide with a decrease in withdrawal rates from the Western
Springs 4 well. Steady pumping or changes in pumping rates did not appear to influence Cl  and-
TDS concentrations in most wells (Figure 17).
sNotes: Thick lines indicate a positive trend as determined by Kendall’s S or Z  statistic
            aq = aquifer code (see Table 3)
Figure 17. Chloride and TDS concentrations and well-withdrawal data
for public supply wells in northeastern Illinois
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Conclusions
The majority of the data suggest that TDS concentrations are not increasing in wells open
to deep bedrock aquifers in most of northeastern Illinois. There are some locations where TDS
concentrations are increasing, however. These include the major pumping centers of Joliet and
Aurora. Other municipalities and utilities of possible concern include Batavia, Montgomery,
Lake Zurich, West Chicago, and Minooka.
Aquifer geology appears to have some effect on increasing concentrations of ions and
TDS. Trends in wells open to deep Ordovician aquifers (deeper than Ancell Group) are more
likely to increase than in wells open only to Cambrian aquifers or open to shallower Ordovician
aquifers. Shallow bedrock aquifers, which were not a focus of this study, also appear to be more
susceptible to increasing concentrations, although the source of contamination is probably
surficial.
There also appears to be some areal effect on water-chemistry changes. Most positive
trends were found in the southern two-thirds of the study area. Concentrations of TDS generally
increase from northwest to southeast in the region, and increasing concentrations in wells in areas
such as Will County may be the result of inducing flow from high TDS downdip areas.
Correlating withdrawal rates with water-chemistry data is problematic, primarily due to
constraints on the data. Withdrawal rates for a few wells do appear to influence water chemistry,
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